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(57) ABSTRACT

A method and corresponding device for processing a fre-
quency-modulated analog signal are disclosed. The signal
includes a number of symbols belonging to a set of M sym-
bols respectively associated with at least one frequency of a
set of M frequencies. The method includes a phase of reading
each symbol of the signal that includes a sampling of a signal
portion corresponding to the duration of a symbol and deliv-
ering N samples (M being less than N). M individual discrete
Fourier transform processing operations are performed on the
N samples. Each individual processing operation is associ-
ated with each of the frequencies. The M individual process-
ing operations deliver M processing results. The value of the
symbol can be determined from the M processing results.
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METHOD FOR PROCESSING A
FREQUENCY-MODULATED ANALOG
SIGNAL AND CORRESPONDING DEVICE

This application claims the benefit of French Application
No. 1352653, filed on Mar. 25, 2013, which application is
hereby incorporated herein by reference.

TECHNICAL FIELD

The invention relates to the processing of analog signals, in
particular those that are frequency modulated. Particular
embodiments apply to the processing of signals with a fre-
quency situated in the band situated in the vicinity of 2.4 GHz,
and to the signals transmitted in a noisy environment.

BACKGROUND

A frequency modulation is generally used to send signals
comprising a succession of symbols, each symbol being asso-
ciated with a frequency, in order to then read them by detect-
ing the frequency. It has been proposed to use phase-locked
loops to detect the frequencies used. However, such a solution
can work only for signals with a signal-to-noise ratio of good
quality.

It is also possible to apply a fast Fourier transform process-
ing operation, well known to a person skilled in the art by the
acronym “FFT”, to retrieve the symbols contained in the
signals.

Applying a fast Fourier transform processing operation has
the drawback of requiring a large number of samples that
correspond to as many frequencies to be processed to be
obtained previously in order to read the symbols. Since the
complexity of the calculation increases by O(n.log(n)) (big O
notation, or Landau notation), n being the number of samples,
the need to use a large number of samples makes the process-
ing of a message by fast Fourier transform particularly com-
plex.

Although such an FFT-based solution is suitable for pro-
cessing signals that have been sent in a very noisy environ-
ment, this solution has the drawback of being too complex.
“Very noisy” should be understood to mean an environment
in which the signal-to-noise ratio in reception is of the order
of =10 dB to —20 dB.

SUMMARY

According to one embodiment and implementation, it is
proposed to process a frequency-modulated analog signal in
a way that is simpler, and also compatible with a noisy envi-
ronment.

According to one aspect, a method is proposed for process-
ing a frequency-modulated analog signal, the signal compris-
ing a number of symbols belonging to a set of M symbols,
each symbol being associated with at least one frequency of a
set of M frequencies.

According to a general feature, the method comprises a
phase of reading each symbol of the signal including a sam-
pling of a signal portion corresponding to the duration of a
symbol and delivering N samples. M is less than N. M indi-
vidual discrete Fourier transform (DFT) processing opera-
tions are performed on the N samples. Each individual pro-
cessing operation is associated with each of the frequencies.
The M individual processing operations delivers M process-
ing results. The value of the symbol can be determined from
the M processing results.
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The result may be, for example, the modulus of the com-
plex obtained by the individual discrete Fourier transform
processing operation associated with a frequency.

In practice the maximum result (modulus) supplies the
frequency sought and consequently the value of the symbol.

In order to associate the individual processing operations
with one of the frequencies, it will be possible to use an index
linked to the sampling frequency, to the frequency, and to M.
With a signal-to-noise ratio ranging from -10 dB to -20 dB,
it is found that the maximum result is associated with the
frequency of the symbol read.

In order to improve this reading, it is possible to read
signals that have a long symbol period or duration, for
example a millisecond.

An individual processing operation should be understood
to mean a processing operation associated with a single fre-
quency.

Unlike a processing operation of FFT type in which N
processing operations are implemented, only a reduced num-
ber M of individual discrete Fourier transform processing
operations are implemented here. As an example, to process
12 000 samples in which one symbol is to be found out of 16
symbols, only 16 individual processing operations are imple-
mented, whereas a complete FFT requires 12 000 individual
processing operations.

Contrary to the prior art, and in particular contrary to the
processing operations using phase-locked loops, it is possible
to read signals with poor signal-to-noise ratios.

The method can comprise an initial phase of processing a
header, or preamble, comprising a succession of known sym-
bols. The initial phase comprises a determination of a fre-
quency difference of the M frequencies relative to their nomi-
nal value and a determination of a time offset of one of the
known symbols of the header relative to the sampling start
instant associated with this symbol.

Although it is possible to not implement any initial header
processing phase, better results are obtained after having
implemented this step.

The determination of the frequency difference may com-
prise selects a group of P frequencies situated in the vicinity
of the frequency associated with a first known symbol. A
signal portion corresponding to the duration of a number of
symbols is sampled. P individual discrete Fourier transform
processing operations respectively associated with the P fre-
quencies of the groups are performed. The P individual pro-
cessing operations deliver P results. The frequency difference
is determined from the maximum of the P results.

The header may therefore comprise a succession of a num-
ber of identical symbols, here the first symbol. If the symbol
is associated with a single frequency, for a predefined period,
the signal therefore corresponds to a sine whose frequency is
fixed. The duration for which the first symbol is sent, is
advantageously long enough to be able to collect sufficient
samples (the number of samples corresponding to the number
of frequencies P).

Itwill be noted that, here, it is considered that the frequency
difference, which is measured with the first symbol, is valid
for all the frequencies associated with the other symbols.

P individual processing operations can be performed in
blocks of at most M simultaneous individual processing
operations. It will be possible notably to use M individual
processing modules that can operate in parallel. It is thus
possible to speed up the determination of the frequency dif-
ference.

The determination of the frequency difference may also
comprise a comparison of the maximum result with a first
threshold, a determination of a second result corresponding to
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a second maximum, and a calculation of the ratio between the
maximum result and the second result, and a comparison of
the ratio with a second threshold.

The second maximum corresponds to the second highest
value, after the maximum result.

Thus, it is possible to determine whether the maximum of
the results effectively corresponds to a first symbol, and that
this maximum does not correspond to noise. If such is the
case, the method may comprise a reinitialization in which the
initial step is re-implemented, until a maximum result is
found which satisfies the threshold comparison criteria.

The determination of the time offset of one of the known
symbols of the header may comprise a detection of a second
known symbol different from the first known symbol. The
determination of the time offset comprises at least R time-
offset samplings of a signal portion having a duration corre-
sponding to a symbol so as to obtain R sets of N samples. R
individual discrete Fourier transform processing operations
are performed on respectively the R sets of N samples. All
these individual processing operations are associated with the
frequency corresponding to the second symbol, so as to
obtain R results. The time offset value is determined from the
maximum of the R results.

Here, time-offset samplings are implemented. One of the
samplings has an offset such that it begins almost at the same
time as a symbol, here the second symbol. This way, by
determining the maximum of the R results, the window is
determined for which the result of the individual discrete
Fourier transform processing operation for the frequency
associated with the second symbol has the highest modulus,
and it is therefore possible to deduce the time offset there-
from.

R may be equal to M. It will then be possible to implement
time offsets that are all equal to the ratio between the duration
of'a symbol and M.

The determination of the time offset may comprise Q con-
secutive detections of the second known symbol, the Q detec-
tions delivering Q times R results, R additions of the Q
homologous results and a determination of the time offset
from the R results of the additions. The header may then
comprise a succession of a string formed by the second
known symbol and another different symbol. There are then
Q alternations of two different symbols.

A better detection is thus obtained using a number of win-
dows that have the same time offset in order to deduce there-
from the good time offset.

The M symbols may be respectively associated with at
least two frequencies of the set of M frequencies. It is thus
possible to deduce from the results of the individual discrete
Fourier transform processing operations that two frequencies
are present.

By detecting the presence of two frequencies, a more
robust method is obtained which can work with a very poor
signal-to-noise ratio.

According to another aspect, a device is proposed for pro-
cessing a frequency-modulated analog signal. The signal
comprises a number of symbols belonging to a set of M
symbols. Each symbol is associated with at least one fre-
quency of a set of M frequencies.

According to an embodiment, the device comprises a sig-
nal symbol reading unit which comprises a sampler suitable
for delivering N samples from a signal portion corresponding
to the duration of a symbol. M is less than N. M individual
discrete Fourier transform processing modules have the N
samples for input and output a processing result. Each indi-
vidual processing module is associated with each of the fre-
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quencies. A module is configured to determine the value of
the symbol having the M results for input.

Thus, it is possible to use M individual processing modules
that can operate in parallel.

The device may comprise a unit for processing a header
comprising a succession of known symbols. The unit includes
a module configured to determine a frequency difference of
the N frequencies relative to their nominal value. Another
module is configured to determine a time offset of one of the
known symbols of the header relative to the sampling start
instant associated with this symbol.

The module configured to determine a frequency differ-
ence may comprise circuitry configured to select a group of P
frequencies situated in the vicinity of the frequency associ-
ated with a first known symbol. circuitry can also be config-
ured to sample a signal portion corresponding to the duration
of'a number of symbols and provide an output that commu-
nicates with the M individual processing modules to deliver P
results. The individual processing modules are associated
with frequencies of the group of P frequencies. Circuitry is
configured to determine the frequency difference from the
maximum of the P results.

The circuitry configured to determine the frequency differ-
ence may also comprise circuitry configured to compare the
maximum result to a first threshold, circuitry configured to
determine a second result corresponding to a second maxi-
mum, circuitry configured to calculate the ratio between the
maximum result and the second result, and circuitry config-
ured to compose the ratio with a second threshold.

The module configured to determine a time offset of one of
the symbols may comprise circuitry configured to deliver R
sets of N samples from R time-offset signal portions and
whose output communicates with the M individual process-
ing modules to deliver R results. Each individual processing
module is associated with the frequency of a second known
symbol, circuitry is configured to determine the time offset
value from the maximum of the R results.

R may be equal to M.

The circuitry configured to deliver R sets of N samples may
also be configured to deliver Q times R sets of samples to
obtain Q times R circuitry. The module configured to deter-
mine the time position also comprises R means for adding the
Q homologous results and means for determining the time
offset from the R results of the additions.

The M symbols may be respectively associated with at
least two frequencies of the set of M frequencies.

BRIEF DESCRIPTION OF THE DRAWINGS

Other advantages and features ofthe invention will become
apparent on studying the detailed description of implementa-
tions and embodiments, taken as nonlimiting examples, and
illustrated by the appended drawings in which:

FIGS. 1 to 5 illustrate different steps of a method according
to one implementation of the invention;

FIG. 6 schematically represents a device according to one
embodiment of the invention, and

FIG. 7 schematically illustrates an individual processing
module according to one embodiment of the invention.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

FIG. 1 schematically represents different steps of a method
for processing a frequency-modulated analog signal, and,
more specifically, a method that makes it possible to read a
symbol of a signal. This signal may comprise a succession of
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symbols with which one or more frequencies have been asso-
ciated, the symbols all having the same duration in the signal.
The frequencies can be chosen in the vicinity of 2.4 GHz. As
an example, for a set of M=16 symbols, each symbol can have
associated with it a frequency chosen from the group ranging
from 2.400 GHz to 2.4015 GHz. Also, the signal-to-noise
ratio of the analog signal can be of the order of =10 dB or of
the order of —20 dB notably as a function of the number N of
samples used for the individual processing operations.

The frequency-modulated analog signal can then be
received during a step E00. For example, the signal can be
received by an antenna configured for the frequencies asso-
ciated with the symbols.

In order to read a symbol (reading step LEC), a sampling
step E01 is implemented, to obtain a number of samples equal
to the number of possible symbols M. The sampling step E01
is implemented for a duration corresponding to the duration
of'a symbol, for example 1 millisecond.

The N samples obtained are used to implement a process-
ing step E02 in which M individual discrete Fourier transform
processing operations E021 to E02M are implemented. Each
individual processing operation E02% is associated with one
of the M frequencies, k being an index having M values
between 1 and N. The index k can be associated with the
sampling frequency fe and with the frequency fk correspond-
ing to a symbol Sk according to the following formula:

_
k_NE

Furthermore, each individual discrete Fourier transform
processing operation corresponds to the implementation of
the following calculation:

N-1

Z x(n)- o i%aIN

n=0

DFT(k) =

where DFT(k) is the result of the individual processing opera-
tion associated with the frequency tk, and x(n) is one sample
out of the N samples.

All the results DFT(k) can then be compared in a compari-
son step E03 in which the maximum of the results is deter-
mined. The maximum of the results indicates the frequency
which was present in the sampled signal portion and it is
therefore possible to deduce therefrom the symbol which is
read. It is then possible to re-implement the steps E01 to E03
to determine the subsequent symbols.

FIG. 2 schematically represents the steps of another imple-
mentation also comprising an initial phase INIT implemented
after the step of reception of a signal E00 and before the step
LEC described with reference to FIG. 1. The initial phase
INIT comprises a first step E04 of detection of a frequency
difference followed by a step E05 of detection of a time offset.
The initial phase INIT is used to process a header of the
signal, notably a header comprising known symbols.

FIG. 3 represents, schematically and in more detail, the
step E04 of detection of a frequency difference. In a step
E041, a plurality of frequencies are selected, for example a
number P of frequencies, situated in the vicinity of the nomi-
nal value of the frequency of a first known symbol, for
example the symbol SO of nominal frequency 0.

As an example, for a frequency f0=2.4 GHz, it is possible
to see frequency differences appear of the order of plus or
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minus 200 kHz. These differences are due to the imperfec-
tions of the oscillators used in the circuits, both for the recep-
tion circuits and for the transmission circuits. In the step
E041, a group of 200 frequencies can be selected, with a pitch
of 2 kHz, in order to cover the 400 kHz band around f0.

It is then possible to sample the portion of the header
corresponding to the duration of a number of symbols (step
E042).

P individual discrete Fourier transform processing opera-
tions associated with each of the P frequencies can then be
implemented (processing operations E0431 to E043P). It
may be noted that these individual processing operations can
be implemented in groups of M.

The P individual processing operations deliver P results,
out of which it is possible to determine the maximum of the
results, and the second maximum. The maximum can then be
compared to a first threshold, and the ratio between the maxi-
mum and the second maximum can be compared to a second
threshold. If the two values are above their respective thresh-
olds, then the maximum indicates the real frequency associ-
ated with the symbol SO and a frequency difference can be
deduced therefrom (step E045).

It may be noted that it is possible to use individual discrete
Fourier transform processing modules different from those
used in the reading step LEC, in which case a different num-
ber of simultaneous individual processing operations will be
implemented to process all the frequencies.

Also, if one of the two comparisons to a threshold has not
been verified, then it can be considered that no first known
symbol has been received. The step E042 can then be re-
implemented and a new received signal portion sampled.

FIG. 4 represents in more detail the step E05 of detection of
atime offset. The step E05 is implemented after the step E04,
so that the frequency difference obtained in the step E04 can
be applied for all the subsequent individual Fourier transform
processing operations, notably during the step E05 and during
the reading LEC.

The header may comprise, after a succession of symbols
S0, a string of at least one pair of consecutive symbols S1 and
S0. A number of time-offset samplings E051 can then be
implemented. For example, a number M of time-offset sam-
plings E051. These samplings can be implemented as soon as
the step E045 described with reference to FIG. 3 has been
implemented.

The start of a sampling can be offset in time relative to a
previous sampling by a duration of the order of the ratio
between the duration of a symbol and the number of sam-
plings E051 implemented.

The samples obtained during each step E051 can be used to
implement individual discrete Fourier transform processing
operations (step E052), these individual processing opera-
tions all being associated with the frequency f1 associated
with the symbol S1, by taking into account the frequency
difference obtained previously.

The maximum result of the individual discrete Fourier
transform processing operations corresponds to the correct
time position of the symbols (step E053), and all the subse-
quent symbols can be read by taking this difference into
consideration.

The maximum result can be compared to a threshold in
order to determine whether a symbol S1 has truly been deter-
mined. If such is not the case, the sampling steps E051 can be
re-implemented.

As can be imagined, a high number of time-offset sam-
plings makes it possible to obtain a better accuracy for the
determination of the time offset.
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Also, for a header comprising a number of strings S0-S1, a
number of successive time-offset samplings, and a number of
successive individual Fourier transform processing opera-
tions, can be implemented in order to be able to add up the
results of the individual processing operations for all the
processing operations corresponding to one and the same
time offset. The time offset is thus determined more accu-
rately.

FIG. 5 schematically represents the time position of the
different windows during which samplings E051 are imple-
mented. In this figure, the axis TX corresponds to the signal
transmitted, the header of which comprises a string of pairs
SO-S1.

FIG. 5 also represents a plurality of axes RX1, RX2, RX3,
RX4 up to RXM, illustrating the implementation of M time-
offset samplings ED1 to EDM during steps E051, each sam-
pling being implemented with a time offset DT.

As can be seen in the figure, the sampling ED3 corresponds
to the best time position to detect a symbol S1. This means
that the time difference to be determined is, in this example,
approximately two times DT.

FIG. 6 represents a processing device DIS suitable for
processing a frequency-modulated analog signal, for example
the frequency-modulated signal that can be processed accord-
ing to the method described with reference to FIGS. 1 to 5.

The device DIS comprises a symbol reading unit ULEC
comprising a sampler ECH suitable for delivering samples,
for example N samples, from a signal portion corresponding
to the duration of a symbol.

The device DIS also comprises M individual discrete Fou-
rier transform processing modules TTFD, with which can be
associated frequencies, notably frequencies from a set of M
frequencies. The modules TTFD have the samples supplied
by the sampler ECH for input and respectively deliver a result
at the output.

The device DIS also comprises a module MS configured to
determine the value of the symbol that has the M results from
the modules TTFD for input.

The device DIS may comprise other modules that can use
the N modules TTFD, notably modules configured to imple-
ment the steps E04 and E05.

FIG. 7 represents in more detail a module TTFD. The
module TTFD comprises a mapping table LUT, a multiplier
MULT, an adder ADD, a flip-flop BASC and a circuit ABS
configured to determine the modulus of a complex.

The module TTFD is suitable for implementing the follow-
ing calculation:

N-1

Z x(n)- o i%aIN

n=0

DFT(k) =

The value of k, associated with the frequency of a symbol,
is supplied at the input of the module, more specifically at the
input of the mapping table LUT, the output of which supplies
the complex number e,

The output of the mapping table LUT is multiplied by the
value of one of the samples received x(n) by the multiplier
MULT. The output of the multiplier is supplied to the adder
ADD, the output of which is looped to the input by means of
the flip-flop BASC, for example a Flip-Flop D to be able to
add the result of a multiplication x(n)-e *2*“* with the pre-
ceding results (for the indices ranging from 0 to n-1).

Finally, in the module TTFD, the circuit ABS is configured
to determine the modulus of the complex obtained at the
output of the adder ADD.
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It can be noted that, according to one aspect, the invention
makes it possible to read signals that have a signal-to-noise
ratio ranging from O up to —20 dB, by using frequencies of the
order of 2.4 GHz, and symbol durations of the order of 1
millisecond.

According to another aspect, the invention makes it pos-
sible to obtain a simple symbol reading, which uses a number
of individual discrete Fourier transform processing modules
equal to the number of symbols to be read, and for which the
complexity is low.

What is claimed is:

1. A method for processing a frequency-modulated analog
signal, the signal comprising a number of symbols belonging
to a set of M symbols, each symbol being associated with at
least one frequency of a set of M frequencies, the method
comprising:

converting the frequency-modulated analog signal to a dis-

crete signal by using a sampler to sample a signal portion
corresponding to a duration of a symbol;

delivering, by the sampler, N samples, M being less than N;

performing M individual discrete Fourier transform pro-

cessing operations on the N samples, each individual
processing operation being associated with each of the
frequencies, the M individual processing operations
delivering M processing results; and

determining a value of the symbol from the M processing

results.

2. The method according to claim 1, wherein the method
comprises performing an initial phase of processing a header
comprising a succession of known symbols, the initial phase
comprising determining a frequency difference of the M fre-
quencies relative to their nominal value and determining a
time offset of one of the known symbols of the header relative
to a sampling start instant associated with this symbol.

3. The method according to claim 2, wherein determining
the frequency difference comprises:

selecting a group of P frequencies situated in the vicinity of

the frequency associated with a first known symbol;
sampling, by the sampler, a signal portion corresponding to
the duration of a number of symbols;

performing P individual discrete Fourier transform pro-

cessing operations respectively associated with the P
frequencies of the groups, the P individual processing
operations delivering P results; and

determining the frequency difference from a maximum of

the P results.

4. The method according to claim 3, wherein the P indi-
vidual processing operations are performed in blocks of at
most M simultaneous individual processing operations.

5. The method according to claim 3, wherein determining
the frequency difference further comprises:

comparing a maximum result with a first threshold;

determining a second result corresponding to a second

maximum;

calculating a ratio between the maximum result and the

second result; and

comparing the ratio with a second threshold.

6. The method according to claim 3, wherein determining
the time offset of one of the known symbols of the header
comprises detecting a second known symbol different from
the first known symbol.

7. The method according to claim 6, wherein determining
the time offset comprises:

performing, by the sampler, at least R time-offset sam-

plings of a signal portion having a duration correspond-
ing to a symbol so as to obtain R sets of N samples;
performing R individual discrete Fourier transform pro-
cessing operations on respectively the R sets of N
samples, all these individual processing operations
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being associated with the frequency corresponding to
the second symbol, so as to obtain M results; and
determining the time offset value from the maximum of'the
R results.
8. The method according to claim 7, wherein R equals M.
9. The method according to claim 7, wherein determining
the time offset comprises performing Q consecutive detec-
tions of the second known symbol, the Q detections deliver-
ing Q times R results, R additions of Q homologous results
and a determination of the time offset from the R results of the
additions.
10. The method according to claim 1, wherein the M sym-
bols are respectively associated with at least two frequencies
of the set of M frequencies, and
wherein the analog signal is received by the sampler from
an antenna configured for the at least two frequencies.
11. A device for processing a frequency-modulated analog
signal, the signal comprising a number of symbols belonging
to a set of M symbols, each symbol being associated with at
least one frequency of a set of M frequencies, the device
comprising:
a sampler configured to convert the frequency-modulated
analog signal from an analog signal to a discrete signal
by determining N samples from a signal portion corre-
sponding to a duration of a symbol, where M is less than
N; and
M individual discrete Fourier transform modules having
the N samples for input and outputting an individual
processing result, each individual Fourier transform
module being associated with each of the frequencies.
12. The device according to claim 11, further comprising:
comparison circuitry configured to determine a symbol
value of the symbol having M results of the Fourier
transform modules for input; and
a reception circuit comprising an oscillator, the reception
circuit configured to:
process a header comprising a succession of known
symbols;

determine a frequency difference of the M frequencies
relative to their nominal value; and

determine a time offset of one of the known symbols of
the header relative to a sampling start instant associ-
ated with this symbol.

13. The device according to claim 12, wherein the recep-
tion circuit further comprises an oscillator, the sampler, and
the comparison circuitry, and wherein the reception circuit is
further configured to:

select a group of P frequencies situated in vicinity of the
frequency associated with a first known symbol;

sample a signal portion corresponding to the duration of a
number of symbols and whose output communicates
with the M individual Fourier transform modules to
deliver P results, the individual Fourier transform mod-
ules being associated with frequencies of the group of P
frequencies; and

determine the frequency difference from the maximum of
the P results.

14. The device according to claim 13, wherein the recep-

tion circuit is further configured to:

compare the maximum result to a first threshold;

determine a second result corresponding to a second maxi-
mum;

calculate a ratio between the maximum result and the sec-
ond result; and

compare the ratio with a second threshold.

15. The device according to claim 13, wherein the recep-
tion circuit is further configured to:
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deliver R sets of N samples from R time-offset signal
portions and whose output communicates with the M
individual Fourier transform modules to deliver R
results, each individual Fourier transform module being
associated with the frequency of a second known sym-
bol; and

determine the time offset value from the maximum ofthe R

results.

16. The device according to claim 15, wherein R equals M.

17. The device according to claim 15, wherein the recep-
tion circuit is further configured to:

deliver R sets of N samples by delivering Q times R sets of

samples to obtain Q times R results;

add Q homologous results to obtain R results; and

determine the time offset from the R results of the addi-

tions.

18. The device according to claim 12, wherein the recep-
tion circuit is further configured to:

select a group of P frequencies situated in vicinity of the

frequency associated with a first known symbol;

sample a signal portion corresponding to the duration of a

number of symbols and whose output communicates
with the M individual Fourier transform modules to
deliver P results, the individual Fourier transform mod-
ules being associated with frequencies of the group of P
frequencies; and

determine the frequency difference from the maximum of

the P results.

19. The device according to claim 18, wherein the recep-
tion circuit is further configured to:

compare the maximum result to a first threshold;

determine a second result corresponding to a second maxi-

mum;

calculate a ratio between the maximum result and the sec-

ond result; and

compare the ratio with a second threshold.

20. The device according to claim 18, wherein the recep-
tion circuit is further configured to:

deliver R sets of N samples from R time-offset signal

portions and whose output communicates with the M
individual Fourier transform modules to deliver R
results, each individual Fourier transform module being
associated with the frequency of a second known sym-
bol; and

determine the time offset value from the maximum ofthe R

results.

21. The device according to claim 20, wherein R equals M.

22. The device according to claim 20, wherein the recep-
tion circuit is further configured to deliver Q times R sets of
samples to obtain Q times R results and to add Q homologous
results and determine the time offset from the R results of the
additions.

23. The device according to claim 11, wherein the M sym-
bols are respectively associated with at least two frequencies
of'the set of M frequencies.

24. A device for processing a frequency-modulated analog
signal, the signal comprising a number of symbols belonging
to a set of M symbols, each symbol being associated with at
least one frequency of a set of M frequencies, the device
comprising:

means for sampling a signal portion corresponding to a

duration of a symbol;

means for delivering N samples, M being less than N;

means for performing M individual discrete Fourier trans-

form processing operations on the N samples, each indi-
vidual processing operation being associated with each
of the frequencies, the M individual processing opera-
tions delivering M processing results; and

means for determining a value of the symbol from the M

processing results.
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25. The device according to claim 24, further comprising
means for performing an initial phase of processing a header
comprising a succession of known symbols, the initial phase
comprising a determination of a frequency difference of the
M frequencies relative to their nominal value and a determi-
nation of a time offset of one of the known symbols of the
header relative to the sampling start instant associated with
this symbol.

26. A device for processing a frequency-modulated analog
signal, the signal comprising a number of symbols belonging
to a set of M symbols, each symbol being associated with at
least one frequency of a set of M frequencies, the device
comprising:

a sampler configured to:

convert the signal from an analog signal to a discrete
signal by sampling a signal portion corresponding to
a duration of a symbol; and

deliver N samples, M being less than N; and

a discrete Fourier transform module comprising:

a mapping table;

a multiplier;

an adder;
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a flip-flop; and
a complex modulus circuit,

wherein the discrete Fourier transform module is config-
ured to perform M individual discrete Fourier transform
processing operations on the N samples, each individual
processing operation being associated with each of the
frequencies, the M individual processing operations
delivering M processing results.

27. The device according to claim 26, further comprising
comparison circuitry configured to determine a value of the
symbol from the M processing results, wherein the device
includes an initial phase processing circuit that includes the
sampler, the discrete Fourier transform module, and the com-
parison circuitry, wherein the initial phase processing circuit
is configured to perform an initial phase of processing a
header comprising a succession of known symbols, the initial
phase comprising a determination of a frequency difference
of the M frequencies relative to their nominal value and a
determination of a time offset of one of the known symbols of
the header relative to a sampling start instant associated with
this symbol.



